Introduction
During our experiments of in-vitro fertilization of mouse ova it was noticed that sperm heads that had penetrated the ooplasm stained deeply with toluidine blue, even before chromatin decondensation, while the surrounding spermatozoa remained colourless (H. Krzanowska & E. Lorenc, unpublished). The probable explanation of this difference was that toluidine blue staining might reveal changes in chromatin stabilization. It is known that during the final maturation of mammalian spermatozoa in the epididymis sperm chromatin undergoes stabilization through the formation of disulphide cross-links (Calvin & Bedford, 1971 ), a process that should be reversed at fertilization.
The ability of spermatozoa to stain with toluidine blue has been investigated in the present study in relation to chromatin stabilization of normal and misshapen spermatozoa recovered from different regions of the reproductive tract of male and female mice. Materials (Krzanowska, 1976 (Krzanowska, , 1981 . To ascertain the correct classification of colourless spermatozoa, the preparations from the female reproductive tract were stained with Feulgen (after removal of coverslips under water) and again examined.
Results

Untreated preparations
The heads of spermatids and spermatozoa released from the testes were deeply stained (PI. 1 Fig. 1 In the oviducal and ampullary contents the proportion of Class 2 and 3 abnormal spermatozoa was greatly reduced (2-6 and 1-7-in contrast to 9-1 and 6-2% in the uterus, respectively) and there were no Class 4 abnormal spermatozoa. Of the 1500 sperm heads scored all were colourless, except for 3 stained Class 2 abnormals, one of which was seen inside the layer of granulosa cells. Only normal unstained heads were found in the perivitelline space (18 scored).
However, sperm heads that had penetrated into the vitellus and were at different stages of chromatin decondensation were always stained. Of the two which still had condensed chromatin, one was completely stained and one in its distal part only (see PI. 1, Fig. 6 ). The same staining pattern was seen in many spermatozoa which had penetrated the vitellus after insemination in vitro (H. Krzanowska & E. Lorenc, unpublished (Gledhill, 1971) (Esnault, 1973 Calvin & Bedford (1971) in their studies on sperm decondensation in vitro. On the other hand, the lack of any regular staining pattern in dithiothreitol-treated spermatozoa supports the view of these authors that the -S-S-bonds are evenly distributed in mature sperm heads. Bedford & Calvin (1974) consider that mammalian sperm head stabilization through disulphide cross-links has evolved as a structural adaptation for penetration of the thick and compact zona pellucida. The observation that supplementary spermatozoa attached to fertilized eggs could not be lysed by SDS alone (Calvin & Bedford, 1971) led to the conclusion that reduction of the -S-S-linkages should occur following penetration of the vitellus. This conclusion is supported by our results with toluidine blue staining: normal sperm heads recovered from the female reproductive tract and from the perivitelline space were always colourless, but acquired the staining ability after penetration into the ooplasm. Gledhill (1975) noted that "the pattern of ultrastructural change seen during decondensation of the chromatin to form a pronucleus may be a programmed phenomenon which reverses the nuclear alterations of spermiogenesis." The same appears to apply to the changes in chromatin stabilization, as illustrated by a striking similarity of the staining pattern of sperm heads after penetration (PI. 1, Fig. 6 , inset) and those in the caput epididymidis (PI. 1, Fig. 4 ). However, in contrast to epididymal spermatozoa, sperm heads inside the vitellus (like testicular spermatids) do not lose their staining ability after prolonged fixation, and this suggests that the reduction of disulphide bonds after penetration is immediately followed by further alterations of chromatin proteins.
The staining ability of misshapen sperm heads was like that of normal heads, except for those in Class 5 which were always colourless (also Feulgen negative, probably devoid of chromatin; Krzanowska, 1981) and in Class 2 which were often stained even in the ejaculated samples. Many heads of Class 2 spermatozoa stain violet or reddish (instead of green) with methyl green-pyronin (Krzanowska, 1976) , as do stage 13 spermatids, and show only a weak incorporation of arginine (Godowicz, 1977) . This suggests that Class 2 abnormal spermatozoa do not pass through the final steps of chromatin maturation during spermiogenesis, which may PLATE 1 Toluidine blue-stained mouse spermatozoa. (Facing p. 100) later result in deficient -S-S-bonding. The formation of certain misshapen sperm heads in bulls involves some defects in binding nuclear protein to DNA during spermateliosis (Gledhill, Darzynkiewicz & Ringertz, 1971) . Gledhill (1971) speculated that abnormal heads with less stable chromatin could be more susceptible to the action of lytic substances and macrophages and consequently could be preferentially removed in the excurrent male duct system. Godowicz (1979) found that the proportion of Class 2 abnormal spermatozoa was significantly lower in the vas deferens than in the caput epididymidis of the KE males, but in C57 males the same was true of Class 3 abnormals which do not differ in staining ability from the normal heads. Above the uterotubal junction the proportion of abnormal sperm heads was greatly reduced (this study and Krzanowska, 1974) and stained Class 2 abnormal spermatozoa were so rarely seen that their preferential removal seems likely.
No strain differences were noticed in toluidine blue staining ability for normal untreated or dithiothreitol-incubated spermatozoa, although the resistance of mammalian sperm heads to the action of decondensing agents has been shown to vary between species (Mahi & Yanagimachi, 1975; Delgado, Huacuja, Merchant, Reyes & Rosado, 1980) and a difference between inbred and outbred mice has been reported (Reid, 1977) . This work was supported by the Polish Academy of Sciences within the project MR II-9.
